Salmonella typhimurium continues to be an important cause of human gastroenteritis throughout the world. In Norway, an annual average of 186 cases was recorded during the 5-year period from 1982 through 1986 (mean annual incidence, 4.50 cases per 100,000 people). However, 61.8% of these patients had acquired the infection in foreign countries.
Salmonellosis is a growing concern to the chocolate industry (3) . Although the risk of acquiring salmonellosis from chocolate is comparatively low (3), several outbreaks have been reported in which chocolate products were incriminated as the source of infection (2, 4, 6, 7, 12, 22) . In 1987, an outbreak of S. typhimurium infection that was caused by contaminated chocolate occurred in Norway and Finland (14) . The purposes of this article are (i) to describe the outbreak and the investigations which led to identification of the source of infection and (ii) to describe the virulence properties of the outbreak strain.
(A preliminary report of this outbreak has been published previously [14] .) MATERIALS AND METHODS Epidemiological investigations. Cases were identified by isolating S. typhimurium with the characteristic properties of the outbreak strain (see below) from stool samples submitted by general practitioners, health centers, and hospitals to medical microbiological laboratories in Norway and Finland. The laboratories forwarded the isolates to the Norwegian and Finnish salmonella reference centers for further characterization. Isolates from chocolate products were received from several municipal food control service laboratories. Epidemiological information (age, sex, geographical distribution) and clinical data were obtained from the patient * Corresponding author. registration forms which followed the samples to the laboratories.
A case series investigation which comprised eight patients who were 1.3 to 5.5 years old was carried out. Detailed personal interviews about the pattern of food consumption in the week prior to the onset of illness were conducted by using a structured questionnaire as described previously (10) . Only symptomatic, primary cases from each household were included in the study.
Characterization of the outbreak strain. Phenotypic and genotypic characterization of S. tyhimurium isolates from human patients and chocolate products was done by using serotyping, biochemical fingerprinting, phage typing, antimicrobial susceptibility testing, plasmid profile analysis, restriction enzyme cleavage analysis, and multilocus enzyme electrophoresis. A detailed description of the methods employed and the results obtained has been presented elsewhere (15) .
Determination of mouse virulence. The virulence of four isolates was determined by oral infection of BALB/c mice as described by Helmuth et al. (11) . Control mice were challenged with strain 353/82, which harbored 60-MDa virulence plasmid pRQ28 (11) .
Hybridization experiments. To ascertain whether the outbreak strain harbored any of the genetic determinants located on the 60-MDa virulence plasmid, colony hybridization and Southern hybridization experiments were conducted by using plasmid pRQ28 obtained from virulent S. 
RESULTS
Detection of the outbreak and identification of the source of infection. During the late winter and early spring of 1987, the Norwegian Salmonella Reference Center received a markedly increased number of S. typhimurium isolates, a majority of which were from young children who had not recently travelled abroad. Laboratory investigations showed that these isolates could be distinguished from control isolates by means of phenotypic and genotypic characteristics (15) (see below). Since isolates with identical characteristics were obtained from most of the medical microbiological laboratories in the country, it was suggested that a common-source outbreak of nationwide distribution was taking place. During the same time period, the national surveillance system for At that time, the Municipal Food Control Service in Trondheim had already initiated an individual case investigation. An analysis of food anamneses from eight children (ages, 1.3 to 5.5 years) identified 13 food items which had been consumed by at least four patients. All of these food items were promptly purchased from the stores identified during the interviews, regardless of whether they were considered to be potential sources of salmonella. A total of 300 samples were cultured for salmonella. On 30 March, isolation of S. typhimurium from three chocolate products manufactured by one factory in Trondheim was reported. The isolates were later shown to exhibit the same characteristics as the outbreak strain. By 31 March, 67 cases had been reported, and the National Health Department issued a public health warning through newspapers, radio, and television and prohibited all trade of the incriminated chocolate products. The following weekend, all chocolate produced by the factory in Trondheim was removed from about 13,500 retail outlets all over the country, with the active cooperation of the producer. About 600,000 kg of chocolate were destroyed. Following this action, the outbreak, which was still increasing when the chocolate products were recalled, quickly came to an end (Fig. 1) Outbreak in Finland. In February, the chocolate company exported one brand of chocolate bars to Finland, where it was distributed to retail stores in the beginning of April. The product was recalled 1 week later after notification of the Norwegian outbreak had been received. The public was warned through television. Between 3 April and 10 May, the outbreak strain was recovered from 12 persons (9 females and 3 males) from six counties. All except one remembered having eaten the incriminated product. The ages ranged from 3 to 65 years (median age, 15 years).
Clinical observations. No systematic investigation of the clinical manifestations was attempted. However, it is notable that a significant number of patients who were less than 2 years old developed acute, hemorrhagic diarrhea, which in many cases required hospitalization for intravenous rehydration therapy. No fatal cases were reported.
Virulence of the outbreak strain. The finding that the outbreak isolates lacked the 60-MDa virulence-associated plasmid (Fig. 2) prompted us to investigate the virulence properties of the outbreak strain. To this end, five mice were infected orally with more than 1.0 x 108 CFU of each of the following isolates of the outbreak strain: 224/87 (human, Norway), 976/87 (human, Finland), 364/87 (chocolate, Norway), and 968/87 (chocolate, Finland). None of these mice died within 24 days after infection. In contrast, all of the mice infected with the plasmid-bearing control strain (strain 353/82) died within 10 days. Furthermore, colony hybridization and Southern hybridization experiments failed to demonstrate any DNA sequence homology between the virulence plasmid and the four outbreak isolates listed above. These results suggest that the outbreak strain did not possess any of the plasmid-encoded virulence determinants, including the genes responsible for mouse lethality, either on plasmids or on the chromosome.
Examination of chocolate products. The combined results from interviewing patients and examining food items from retail stores led to the isolation of the epidemic strain from three chocolate products manufactured by a factory in Trondheim. On the basis of these results, a total of ca. 1,400 10-g samples of chocolate produced by the factory in question were cultured for salmonella. A majority of the samples were from recalled chocolate products. In all, the outbreak strain was recovered from 73 (ca. 5%) of the samples and from 27 of 65 products examined.
Fifty-seven positive samples were selected for quantitative examination by the most-probable-number method. Quantitative estimates of the level of contamination ranged from 0 to 60 CFU/100 g of chocolate. Fifty-two (91.2%) of these samples were found to contain 10 CFU/100 g or less. This remarkably low contamination level was confirmed by quantitative examinations done at the National Veterinary Institute in Finland. The outbreak strain was isolated from 4 of 27 samples examined at this institute, and all positive samples contained less than 10 CFU/100 g.
S. typhimurium could not be isolated from 77 samples of 11 different raw products and dry ingredients, including cocoa beans, or from 64 samples of environmental dust and debris from the factory. All of these samples were collected during weeks 14 and 15, at the same time that the outbreak reached a peak (Fig. 1) . On the other hand, three other Salmonella serovars were isolated from dust samples collected in rooms in which cocoa beans were stored or rinsed (Salmonella brancaster, Salmonella onireke, and Salmonella stockholm). We are not aware of any human isolates of these serovars in Norway.
DISCUSSION
The 349 bacteriologically verified cases reported from Norway probably represent only a small proportion of all persons infected during the outbreak. In other Salmonella outbreaks, a ratio of reported cases to total cases of 1:100 has been estimated (5). Since the outbreak was still increasing when the public health warning was issued, it is likely that many thousands of cases were prevented by recalling the chocolate products. We are not aware of any previously reported chocolate-related outbreak of salmonellosis in which such a high number of patients were involved.
The finding of only '10 S. typhimurium cells per 100 g of chocolate in a majority of the positive samples obtained at the stage of retail sale suggests that an inoculum of less than 10 organisms may have been sufficient to produce symptomatic infection. This inoculum is several logs less than the infective dose estimated for Salmonella spp. in previous investigations (1, 17) . In agreement with our results, however, very small numbers of Salmonella eastbourne in chocolate (2 to 3 CFU/g) were sufficient to cause illness during an outbreak in the United States and Canada in 1973 and 1974, when 199 cases were recorded (2, 4). Likewise, epidemiological evidence and retrospective laboratory analysis of contaminated chocolate from an outbreak of Salmonella napoli infection in England and Wales in 1982 indicated that large numbers of salmonellae may not have been a prerequisite to human infection (7, 8) . According to D'Aoust (3), it is conceivable that ingredients present in chocolate protect salmonella against the action of gastric acid. The few salmonella present in the final product could then colonize the lower gastrointestinal tract and produce clinical symptoms. On the other hand, we cannot exclude the possibility that the chocolate may have been unevenly contaminated with large particles containing many viable Salmonella cells, which may have caused infections via large doses not small doses. Such large particles may have led to underestimation of the contamination level in the quantitative analysis which we employed (most-probable-number method). However, this possibility seems less likely since VOL. 28, 1990 on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from the chocolate was subjected to thorough mixing both at the factory and at the laboratory. Moreover, the finding of equally low contamination levels in a great majority of the samples examined by two independent laboratories may support our suggestion that a small dose was involved.
The 
